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Abstract 
Motorway merging has been regarded as a major source of conflicts and congestion on motorways, but has long been recognised 
as an area in which modelling has been relatively weak. The current traffic models represent the traffic operations at a merge 
using gap-acceptance approach, with the merging traffic giving-way to traffic on the mainline carriageway and imposing little or 
no delay to the mainline traffic. The results tend to underestimate the capacity of the merge, overestimate delays to the merging 
traffic, and underestimate delays and interruptions to the mainline traffic.  
This paper investigates the current practice in modelling motorway merge in the UK and highlights some major conceptual and 
methodological differences to those in the US and Germany. Studies based on empirical observations and a microsimulation 
modelling were carried out to improve understanding of the factors involved in the performance at merge. The results 
demonstrate the sensitivity of model predictions – and perhaps policy decisions – to the behavioural assumptions made in traffic 
models. The paper provides simple, practical recommendations to improve the current practice on modelling merge by the 
consideration of peak flow profile in the estimation of merge capacity, realistic local and variable pcu values for heavy vehicles, 
and a more confined merge influence area than currently advised. It calls for further empirical and behavioural-based 
microsimulation analysis to inform the development of more appropriated treatment of merge in traffic models for improved 
predictions and better investment decisions.   
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Merges on motorways are a major source of conflict and potential causes of flow breakdown. Concerns have 
been raised in recent years about the adequacy of conventional traffic models in representing the complex 
interactions that occur at motorway merges and the advice given by the government agencies (e.g. Rysgaard & 
Nielsen, 1998; Kita & Fukuyama, 1999; Evans et al, 2001; Bunker & Troutbeck, 2003).  
The performance of motorway merges depend on three main factors:  
(1) geometric design characteristics, including the layout of a merge (e.g. taper length, number of lanes), 
gradient, curvature, terrain, free-flow speeds;  
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(2) traffic conditions, such as traffic flow volumes and temporal profiles, traffic composition; and  
(3) interactive behaviour between vehicles on the mainline carriageway and  from the slip road (e.g. gap-
searching and acceptance of the merging traffic, pre-emptive lane-changing and courtesy yielding by the 
mainline traffic). 
Current traffic models of merge fail to adequately represent the above in all three areas, as most of them: 
(a) represent the merging area as simply a give-way node and have no concept of the acceleration lane or other 
design features;  
(b) are based largely on the concept of gap-acceptance, as such, lack of behavioural representation of the 
interactions between the merging and the mainline traffic. The results are an under-estimation (or no 
representation) of delays to the mainline traffic; and  
(c) do not represent different driving behaviour of, or traffic control rules to, different vehicle types, so unable 
to model the influence of HGVs in other traffic’s lane choice.  
The results are potentially to underestimate the capacity of the merge, overestimate delays to the merging traffic, 
and underestimate delays and interruptions to the motorway mainline traffic. The impact of which could be highly 
significant when assessing, for example the economic benefits of motorway widening schemes such as that currently 
being carried out on the M25 motorway network in the UK. 
Recent research effort to improve this situation has tended to focus on the development of microscopic 
simulation models to explicitly represent the behavioural interactions at merge, notably the effort by US FHWA 
through its NGSIM programme (e.g. Toledo et al 2007; Choudhury et al 2007). Rakha and Zhang (2006) utilized 
simulation results and provided analytical estimates of the capacity at merge sections. In Japan and Australia, 
extensive efforts have been made in data collection from video observations and instrumented vehicles (e.g. Sarvi, 
2000; Hidas, 2005). In the UK, there are similar efforts in developing explicit microsimulation models of motorway 
merge. Wang et al (2005a, 2005b) developed the MergeSim model which is specifically designed to model the 
detailed geometric design features and traffic conditions at merge, as well as the complex cooperative behavioural 
interactions at merge. The model was shown to realistically represent the cooperative and forced merge behaviour 
and accurately reproduce the observed headway distributions at a real-life merge section (Wang et al, 2005b).     
This paper presents findings from a recent study funded by the UK Department for Transport to improve the 
understanding of factors involved in the performance at merge and to inform the development of more appropriate 
treatment of merge in traffic models. The remainder of the paper is organized as follows. Section 2 opens with a 
review on the current practice in modelling motorway in the UK and gives an example illustration on how the 
advices are implemented in traffic models.  It highlights some major conceptual and methodological differences 
between the UK methodology and those in the US and Germany. Section 3 presents three case study analyses, 
including one based on the MergeSim microsimulation model, to illustrate the issues raised above and to explore the 
important interactions and their impact at merge. Finally in Section 4, the paper discusses the policy implications 
and concludes with recommendations for traffic assignment modelling and practice.  
2. The Current practice 
This section provides a review and synthesis of the current treatment of motorway merge. It draws on key 
references to help explain the traffic interaction at merge – though it is not intended to be a comprehensive literature 
review, and identifies the short-comings and conceptual differences in the treatment of merge in government advices 
from three major industrialized countries. Further on, we describe through one example traffic model how the UK 
government advices were implemented and applied in practice. 
The document consulted are the UK DMRB (2006), the US HCM (2000) and the German HBS (2001). 
 
2.1 Terminology and notations 
The following lists some of the different terminology used in the UK and US to describe a merge.  
x Slip road (ramp or on-ramp in US): a one-way connecting road to mainline carriageway. 
x Mainline (freeway in US): the carriageway carrying the main flow of traffic. 
x Parallel lane (acceleration lane in US): additional lane at the side of the mainline carriageway to provide 
increased merge opportunity. 
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x Heavy vehicles (HV): are defined as other goods vehicles, buses and coaches in the UK, and as trucks, buses 
and recreational vehicles in the US.  
Throughout this paper, we will use the equivalent UK terminology and we use the following general notations to 
describe key traffic variables at merge: 
 q  flow of a traffic stream (veh/hr) 
 V speed of the traffic stream (km/hr) 
 QC capacity (veh/hr/lane)  
 VF free-flow speed (veh/hr) 
 PHV percentage heavy vehicles (%) 
 fHV pcu factor for heavy vehicles 
Fig. 1 illustrates a typical parallel merge layout where the area upon which the length of the merging lane is 
marked with a length of LA and a merge influence area where the operational effect of merging is mostly felt. We 
consider a ‘merge capacity’ QC1 defined as the maximum outflow from the merge influence area and a ‘motorway 
link capacity’ defined as the maximum flow on mainline carriageway without the influence of a merge. 
 
 
 
 
 
 
 
 
 
Figure 1: A typical merge layout and capacities at merge 
 
2.2 The DMRB evaluation methodology 
The current UK government guideline on modelling motorway merge provides advices in two parts: on the 
estimation of capacity and the estimation of delays.  
 
2.2.1 Capacity at merge 
The capacity at grade separated motorway merge junction given in DMRB is:  
 QC = 2330/[1+0.015PHV]   veh/hr/lane                    (1) 
where PHV (%) is the proportion of heavy vehicles expressed as a percentage of the total fleet.  
First to note is that the capacity is only a function of percentage heavy vehicles. The above relationship is based 
on the study by Hounsell et al (1992). Further reading into the report revealed that it was a measure of the maximum 
flow downstream of a merge junction “unconnected with a merge capacity constraint”. In another word, this is the 
capacity on the main carriageway without the influence of merging, i.e. capacity QC2 in our definitions of capacity 
illustrated in Fig. 1.  
It is noted that the same capacity function is taken in DMRB as the link capacity for the mainline carriageway 
links. So in essence, the DMRB advice does not distinguish capacity at a merge junction to that on a motorway link. 
The above capacity was based on a 15-min aggregated measure of flow but applied in DMRB as the maximum 
hourly flow. The 15-min averages were chosen to avoid the stochastic variability and a higher, un-sustainable 
capacity result using` smaller time average-intervals (e.g. one-minute) and the sub-capacity conditions likely in 
longer time periods (Hounsell et al, 1992). The report found that the one-minute averaged flows are typically higher 
than 15-minute averages by 9%.  
It is worth to note that both the design and evaluation procedures in DMRB use hourly flow rate. There is no 
correction factor in DMRB to convert the above 15-min capacity measure to the hourly flow. This is equivalent to 
DMRB assumes a uniform flow distribution over an hour. As this (uniform-flow distribution) is often not the case, 
this assumption will potentially lead to overestimates of the (hourly) capacity and underestimates of the over-
saturated conditions and delays. In HCM, capacity is also measured from the maximum15-minute flow during a 
one-hour peak period, but can be corrected to the hourly flow (see Section 2.3 for comparison).  
The above capacity function was derived using the concept of a fixed pcu value for heavy vehicles and the 
following conversion factor: 
Merging area LA
QC1
QC2
Downstream link 
capacity QC2
Capacity at merge QC1
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Figure 2: An illustration of the DMRB link s
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2.3 Comparison with HCM and HBS 
 
Merge influence area The HCM specifies a ‘merge influence area’ which covers the covers the merging lane, 
and Lanes 1 and 2 on the mainline carriageway, and extends from the start of merge to 450m downstream. There is a 
similar concept in HBS, except that HBS does not give any specific length of the area. German studies also 
concluded that the merging traffic affects only the traffic in Lane 1. DMRB does not specify explicitly the spatial 
extend of the merging turbulence, although it implicitly suggests the merging turbulence can be felt up to 2km 
downstream.  
 Peak flow profile (PHF). HCM expresses flows and capacities as the peak 15-min flow, and applies a PHF to 
convert them to hourly volume. HCM advises a typical PHF value of 0.88. The DMRB capacity was also based on 
15-min maximum flow, but has been applied directly as an hourly volume which leads to potentially significantly 
higher values than its counter parts in HCM and HBS.  
The concept of capacity The capacity function used in all three countries adopted the same concept of a fixed 
pcu value for heavy vehicles and used eq. (2) to represent their relationships. Table 1 lists the full capacity functions 
and the values for the explanatory variables used in the three countries. It can be seen that, without the influence of 
PHF, the DMRB capacity value at 70 mph is similar to that advised by HCM at merge but higher than that of HBS. 
Both HCM and HBS define capacity simply as the maximum flows. The DMRB method was based on a study by 
Housell et al (1992) who fitted the observed maximum flows to a theoretical speed-flow function based on the 
Greenshield’s model. The model-fitted capacity values were used to form the DMRB function. 
 
Table 1. The capacity functions and values in DMRB, HCM and HBS. 
Advice Variable Functions and Values 
 
DMRB fHV 2.5 
QC2 
(veh/hr/ln) 
2330/[1+0.01PHV(fHV-1)]        for main road speed limit = 70mp 
0.9*2330/[1+0.01PHV(fHV-1)]  for main road speed limit = 60mph 
HCM fHV 1.5, 2.5 and 4.5 for flat, rolling and mountainous terrain respectively 
PHF 0.88 
QC1 
(veh/hr/ln) 
PHF*2300/[1+0.01PHV(fHV-1)] 
QC2 
(veh/hr/ln) 
PHF*[2300+5*(VFm-100)]/[1+0.01PHV(fHV-1)]   where VFm is the free-flow 
speed on mainline carriageway and ranges from 90-120 kph 
HBS fHV 1.3 – 1.7 variable with flows 
QC1 
 
2200 pcu/hr 
QC2 
(veh/hr/ln) 
1900/[1+0.01PHV(fHV-1)]        for main road speed limit = 120kph 
1933/[1+0.01PHV(fHV-1)]        for main road speed limit = 80,100kph 
 
Capacity at merge junction HCM and HBS make explicit distinction between the capacity of the merge 
influence area (QC1) and that downstream on the main carriageway not influenced by the merging turbulence (QC2). 
The DMRB capacity was the maximum flow downstream of a merge junction unconnected with a merge capacity 
constraint (Hounsell et al, 1992). So it is equivalent to QC2, the link capacity for the mainline carriageway.  
Speed limit. In DMRB and HCM, the capacities are higher on higher speed-limit roads. The HBS advice seems 
to suggest the opposite. On their 120-kph roads, the capacities reached were lower than those on lower speed roads. 
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2.4 Practical implementations 
 
In this section, we describe how motorway merges are modelled in SATURN, one of the most widely used traffic 
models in the UK (van Vliet, 1982). Four methods were implemented in SATURN to model motorway merges: 
x “M-turn” method to apply the standard gap-acceptance models 
x “Apresv” method to model cooperation effect on lane distributions on the mainline carriageway 
x “Q-node” method to model the DMRB junction delay 
x “Stopper-node” method to model queuing delay due to capacity constraint 
The default, M-turn model, is applied in SATURN to model merging. The gap-acceptance model assumes a 
random (Poisson) merging of the slip-road traffic to the mainline carriage with a fixed acceptable gap. In practice, 
the gap value is suggested to be set as the inverse of the capacity of the upstream motorway, and as such the results 
of the merge is dependent on getting the capacity right. In addition, the merge takes account only of opportunities 
and conditions in Lane 1 of the main carriageway, and is therefore dependent also on getting the lane usage correct.  
So an important issue here is the potential for improved modelling of lane choice and speeds in SATURN, given 
the role and influence of HGVs in motorway congestion and lane usage. More recent versions of SATURN have 
attempted to introduce some form of co-operative (or pre-emptive) lane-changing behaviour at merge through the 
use of the ‘APRESV’ parameter, which spreads a specified amount of flow from Lane 1 to other lanes on the main 
carriageway.  
The above two methods exclude the impact of merging on mainline traffic, and generally leads to an under-
estimation of mainline delays. The Q-node and Stopping-node methods were attempts to overcome this, by adding a 
link delay to traffic immediately (or within 2km) downstream of the merge junction. The DMRB queuing delay (eq. 
(4)) was applied in the Q-node method, whilst a delay due to capacity constraint on the downstream link was 
modelled in stopping-node method.  
The last three rather ad-hoc methods have been fairly widely applied for modelling motorway merges in practice, 
but their impact does not appear to have been adequately validated. Luke (2007) evaluated the relative performance 
of the above four methods against the DMRB merging design criteria such that the mainline/merge flow 
combinations should not experience significant congestion. Luke found that the delay produced by the DMRB 
method was too high and concluded that the DMRB method was not compatible with the way SATURN works, as 
there seems to be an element of double counting. The Apresv and Stopping-node methods produced ‘acceptable’ 
levels of congestion and were the recommended methods to model merges in SATURN.   
3. Case studies  
In this section, we provide three case studies using three different methods to illustrate the issues raised above in 
modelling motorway merge and to explore the important interactions at merge and their impact on merge 
performance.   
 
3.1 Case study 1: Consequences of changing the values of capacity 
The above section has listed a number of key government advices on modelling motorway merge. It is clear that, 
in estimating the capacities at merge, quite different functions and values are adopted in different countries.  
We give a simple numerical illustration on the potential cost differences in adopting different capacity values. We 
report the link travel time since this is the indicator of system performance most widely used to inform investment 
decisions. We calculate the link travel time over a 1-km section of a motorway merge, including a 500m merge-
influence area and 500m downstream section. We use the DMRB speed-flow relationships (eq. (3)) and its advised 
values described in Section 2.2 to calculate the link travel time, then add the DMRB queuing delay based on eq. (4). 
We tested three flow levels: low (1600 veh/hr/ln), medium (2000 veh/hr/ln) and high (2400 veh/hr/ln), and under 
three different capacity values (all with 0% heavy vehicles): the DMRB value, the HCM values for the two different 
capacities (Qc1 and Qc2) assuming 0.88 PHF value and on 120 km/hr roads. The results are shown in Table 2. 
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Table 2: The effect of adopting different capacity values. 
Flow/Capacity 
(veh/hr) 
Link travel time (sec/veh) Queuing delay (sec/veh) 
Qc=2024 Qc=2112 Qc=2330 Qc=2024 Qc=2112 Qc=2330 
Low flow 11.4 11.2 10.8 9.2 1.7 0.0 
Medium flow 14.1 13.5 12.5 54.1 44.7 34.3 
High flow 22.2 22.2 18.0 98.9 87.7 75.2 
Total Total travel time (sec/veh) Difference relative to that at Qc=2330 
Low flow 20.6 12.9 10.8 191% 119%  
Medium flow 68.1 58.2 46.7 146% 125%  
High flow 121.1 109.9 93.2 130% 118%  
 
It can be seen that, if we assume a higher capacity value, the total vehicle travel time in the section would be 
lower. If the true capacity is lower than the one used in the model, the results would have under-estimated the delays 
and over-estimated the performance of the network. The relative difference is more marked at lower flow levels. 
Between adopting a capacity value of 2024 and 2330 veh/hr/ln, the differences was almost double (at 191%). 
It is clear that the assumptions about the level of capacity achieved on motorway sections and at merges can 
profoundly affect the prediction of scheme benefits.  
 
3.2 Case study 2: Microsimulation of behavioural interactions at merge 
In order to illustrate the general problems in modelling motorway merges illustrated above and to inform the 
development of better treatment of merge, a microsimulation model was used to explore the impact that behavioural 
interactions might have on the performance at merge. 
The micro-simulation model employed for this study was the MergeSim model, developed in-house at ITS, Leeds 
(Wang et al, 2005a). The model explicitly captures the acceleration and gap-acceptance behaviour of the merging 
traffic, and the cooperative behaviour of the motorway traffic at a merging area, as well as close-following 
behaviour of traffic on motorways in general. An application of the model on a real-life merge section shows that 
the model responds well to changes in values of model parameters and that it reproduces the observed gap 
acceptance distributions. 
A previously calibrated MergeSim model of a single lane slip-road merges into a single-lane mainline 
carriageway was applied in the study. The total length of the section modelled was 3000metres. Vehicles enter the 
network at 100m upstream of the merging area. The length of the parallel acceleration lane is 150m, typical length 
for a merge with a design speed of 70mph (~120km/hr). Virtual detectors were placed across the network and the 
model outputs average speed, flow and occupancy at each detector during every 1-min interval.  
The first simulation test was designed to examine how the merging process influence the traffic flow, how far 
downstream will the merging ‘turbulence’ be felt, and how much variations there are in maximum throughputs 
along the network. Fig. 3 displays the speed-flow relationships from a detector at downstream end of the merge area 
and one 500m further downstream. It can be seen that congestion builds up in the merge area (Fig. 3a), but traffic 
resumed to free-flow conditions from some 550m downstream of the merge (Fig. 3b). 
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Figure 3: 1-min aggregate speed-flow relatio
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Spatial variation of maximum flow
 
Fig. 4 shows the maximum throughputs at
min time interval. It can be seen that the ma
achieved further downstream (from detector
the maximum flows remain at about the same
Examining the speed-flow curves from d
congestion and flow breakdown at the actua
streams was found to have confined to a di
shorter than the 2km suggested in DMRB bu
The second test was designed to show th
vehicles in total traffic) on merge. The same
streams were used (hereafter denoted simpl
results are presented in Table 3. We examin
the simulated results with those estimated by
 
 
 
 
 
 
 
 
     
nships 
s. Detector D3 is located at the downstream end of the
 different locations relative to the merge, aggregated o
ximum flow at merge area (from detector D3) were
s D4-D6). From a distance around 550m downstream
 level.  
ata collected at different locations along the netwo
l merging area. But the turbulence caused by the mer
stance of some 500m downstream from the actual m
t agrees with that suggested in HCM. 
e impact of traffic composition (in terms of the pe
 proportions of heavy vehicles in the merging and th
y as PHV). Seven levels of PHV, at 0, 5, ..., 30%, w
e the impact of PHV on capacity, speed and journey ti
 DMRB.  
 
 
 merging lane 
ver 1-, 5- and 15-
 higher than those 
 from the merge, 
rk, we also found 
ging of two traffic 
erging area, much 
rcentage of heavy 
e mainline traffic 
ere simulated and 
mes, and compare 
192  Ronghui Liu / Procedia Social and Behavioral Sciences 16 (2011) 184–195
Table 3: Simulation results and DMRB estimates on the impact of PHV. 
PHV (%) 0 5 10 15 20 25 30 
Capacity 
(veh/hr) 
DMRB 2330 2167 2026 1902 1792 1694 1606 
Simulated QC1 2200 2113 2089 2053 2035 1985 1977 
Simulated QC2 2088 2055 2021 1984 1965 1924 1921 
FHV 
value 
DMRB 2.5 2.5 2.5 2.5 2.5 2.5 2.5 
Simulated   1.82 1.53 1.48 1.40 1.43 1.38 
Delay 
(sec) 
DMRB 101.35 118.38 135.40 152.42 169.45 186.48 203.50 
Simulated 
average 
101.34 135.40 135.40 135.40 137.67 146.75 155.83 
Simulated merge 115.94 151.59 139.93 131.65 133.66 132.21 144.91 
 
Simulated 
mainline  
 89.70 128.27 133.05 134.28 139.55 151.95 169.28 
 
It can be seen that the simulated capacity (both QC1 and QC2) decrease with increasing percentage of heavy 
vehicles (PHV), but at a rate much less than that suggested by DMRB. The results also suggest that capacity at merge 
(QC1) was slightly higher, by an average 60 veh/hr (or 3%), than the capacity downstream on the motorway (QC2). 
This result agrees with the prediction using the HCM method (Table 1) at free-flow speed of 70mph (112 km/hr.  
Re-arranging eq. (2) to find the relationship between the fixed pcu factor (fHV) with capacities, we estimated the 
fHV values using the simulated capacities. The results led to suggestions of a lower pcu value for HGVs from the 
DMRB value of 2.5 to values in the region between 1.5-1.8. 
The simulation results on vehicle delays over merge shows that the effect of heavy vehicles on the network was 
to increase the journey time and to reduce overall speeds of the network. The DMRB estimated delays agree very 
well with the simulated ones at 0% heavy vehicles, but it over estimated delays at higher PHV values. 
However, the impact of PHV on the two different streams of traffic seems to be different. Initially, when the PHV 
was low (<15%), the average speed of the mainline traffic was higher than that of the merging traffic. At higher PHV 
(>15%), however, the trend was reversed in that the average speeds of the merging traffic were higher. 
The results of this exercise demonstrate the complexity in the effect of heavy vehicles that this effect varies 
according to the level of PHV and to different traffic streams in ways which would not have been predicted in 
advance, and that the current DMRB method could not capture this complexity. 
 
3.3 Case study 3: An empirical observation of peak flow profiles on a UK motorway  
 
We have also shown that, depending on the measurement time period, the values of maximum flow (or capacity) 
can be very different. HCM advises the use of PHF (peak-hour-factor) to convert the peak 15-min flow to an hourly 
volume. The current DMRB measure of capacity has not taken into consideration of the temporal variations in 
traffic flow and results would be an over-estimation of capacity and under-estimation of delays. 
Whether or not it is necessary to consider such PHF effect would depend on how much temporal variation there 
is in traffic flows on our motorway networks, or more specifically how “peaked” the demand profiles are during the 
modelled periods. The more uniform the demand profiles are, the closer the value of PHF is to 1.0.  
As an initial investigation, we examined the traffic flow data on a section of M25 between Junction 10 and 
Junction 11 (clockwise) from the MIDAS detectors. We extracted 15-min and 1-hr data from the MIDAS data base 
for a total of 19 detectors in the section, and the equivalence PHF values were calculated and shown in Fig. 5.  
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Figure 5. The PHF values on M25 
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The current DMRB advice and traffic modelling practices can be relatively easily modified to take into account 
the effect of peak flow profile, by the use of PHF conversion factor. In practice, when building or applying models 
that work on only one time period, the advice should to be apply the local PHF to the original DMRB capacity value 
(e.g. the 2330 veh/hr/lane) to get its equivalent hourly volume. 
When applying models that can represent finer time periods (e.g. CONTRAM, or the “quasi-dynamic” multiple 
time period version of SATURN) and the input demand are modelled in shorter time period (say 15min), the 
original capacity value should be used and applied throughout the whole modelling period (one hour or longer).   
The simulation results suggest that the merging turbulence is confined to a relatively smaller distance, some 
500m, downstream from the merging area, than suggested in the existing DMRB manual (of up to 2km). The shorter 
influence range is closer to that suggested in HCM (of 450m).  The DMRB advice on where to put the dummy node 
downstream of a merge in order to add the merging delay (eq. (4)) is important, especially where there is possibility 
of blocking back from a downstream junction or incident. 
We have shown (in Section 3.3) that the effect of HGV on traffic performance at motorway merges is variable 
depending on the level of heavy vehicles in the traffic streams. It seems that a relative small number of heavy 
vehicles can cause profound disruption of the traffic flow. The use of a fixed pcu value for HGVs is still valid, but 
perhaps at a lower value (of 1.5 – 1.8) than the 2.5 current used in DMRB. 
Currently, the merge capacity function of DMRB (eq. (1)) hides the fact that it includes the use of a fixed pcu 
value of 2.5 for heavy vehicles. It is advisable to open up its original functional form (eq. (2)) to allow practitioners 
to adopt more appropriate, local, pcu values. This would also help thw debate on the use  
As discussed earlier, it is important to recognise that junction and link capacities are different quantities and their 
roles in traffic models are different. The current DMRB advice is good to distinguish the delays due to merge 
junction interaction from link delays arising from increasing traffic flows on the link. The distinction also makes it 
easy to implement in traffic models.  
Another important issue is to formally recognise the two different capacity definitions and values in the advice, 
and to examine ways to implement in existing traffic models.  
The simulation results clearly show that delays to the merging traffic are different to delays impeding on the 
mainline vehicles, and the presence of HGVs makes the prediction complicated. In our current modelling of 
motorway merges, such difference is either be exaggerated (as in the simple gap-acceptance models of merge) or be 
diminished (as in the current DMRB method). We need to develop better models to properly represent these effects.  
4.3 Summary 
 
This paper has identified some key methodological differences on the treatment of motorway merges in three 
different countries. It noted the inadequacy in the current UK government advice and that current generation of 
traffic models had not yet incorporated the insights derived from recent research advances in modelling close-
following situations, the cooperation behaviour at motorway merges and their impact on the performance at merges. 
Tests with a single-lane microsimulation model demonstrated that the model predictions – and perhaps policy 
decisions – are affected by the model assumptions (on driver behaviour and traffic conditions). We have noted that 
the bias in the investment decision will depend not only on the “error” in the capacity values, but also on the way in 
which the appraisal is being conducted. When the models are used to look for schemes which meet specific 
performance criteria, use of higher capacity values would result in adopting designs with lower-specifications which 
may not cope with the real situation. On the other hand, use of lower capacity values would lead to the adoption of 
more expensive schemes which not only misuses resources, but an over-supply of capacity may lead to induced 
demand.  
Results from the case studies also highlighted: 
x the different concepts of capacity, that the maximum flows temporarily achieved at a merge influence area 
can be very different to those further downstream;   
x that locations of the detectors on motorway relative to merge can have an impact on the maximum flows 
measured;  
x the merging turbulences are confined within an area 500m downstream of merge; 
x the DMRB capacity is overly sensitive to the percentage of heavy vehicles (PHV); 
x the modelled pcu values for the HGVs is around 1.5, lower than the 2.5 used in DMRB;  
x even better is the use of variable pcu values to represent the effect of heavy vehicles; and 
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x the effect of PHV on delays to the mainline traffic are clearly different to that on the merging traffic; DMRB 
method under-estimated delays at low PHV and over-estimated it at higher PHV. 
If better models are to be produced, which fully reflect the impacts of behavioural factors on both merging and 
the mainstream traffic, such effects need to be understood and represented in our models of motorway traffic. To 
achieve this, further analysis of driver behaviour at merge (through detailed microsimulation modelling and/or 
empirical investigation) will be required to inform the development of improved treatments of merge in the 
economic appraisal of transport schemes. 
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